Model studies for total synthesis of YW3699 were carried out in order to introduce a hydroxy group at the ring juncture between 5-and 8-membered carbocycles. The five-membered ring part, hydrazone, and aldehyde with a cyclohexane ring were connected by the Shapiro reaction, followed by conversion to diketones, which were treated with IBX to afford hydroxylated models.
Several terpenoids bearing eight-membered carbocycles are known and some exhibit significant biological activities. YW3699 (1) [1] is a fungal metabolite isolated in 1998 by Wang et al. (Figure 1 ) that inhibits the biosynthesis of glycosylphosphatidylinositol (GPI) in trypanosoma [2, 3] . It has four rings that are 5-, 8-, 6-, and 5-membered, in order from left to right. The absolute configuration has yet to be established. We have reported model syntheses bearing the eight-membered ring in this system [4, 5] . In our studies of systematic cyclization we found the stereochemical requirement for the RCM reaction in YW3699 (1) . However, the construction of eight-membered carbocycles, especially those having a trisubstituted double bond, is still a challenging task in synthetic work [6] . In continuing synthetic work on YW3699, we have succeeded in introducing a tertiary hydroxy group at the juncture between 5-and 8-membered rings. The details of these results are described. (1) using the RCM reaction. We have succeeded in constructing eight-membered rings, but the introduction of a tertiary hydroxy group with the correct stereochemistry is still a problem. Therefore, we planned two different ways to reach compound 5. In route a, a hydroxy group is introduced before cyclization to an eightmembered carbocycle. In route b, introduction of a tertiary hydroxy group is after cyclization to an eight-membered carbocycle. Ring C is prepared from 5-methylcyclohex-2-enone (9), because the ketal cyclohexane derivative used in the previous report [4] requires a longer route ( Figure 2 ). Enone 9 was alkylated with 2-bromopropenylmagnesium bromide in the presence of CuBr/Me 2 S followed by acylation with cyanoformate to afford keto ester 10.
When this was reduced with NaBH 4 , two separable isomers 12 and 13 were produced in 45% and 36% yields, respectively. Compound 13 was protected with MOM and was converted to alcohol 14 in 85% yield. When keto ester 10 was reduced by LiAlH 4 (0˚C to rt 10 h), diol 15 was obtained in 62% yield. Sodium borohydride reduction presumably occurred through 1,4-addition and protonation to afford 12 and 13. The Shapiro reaction [4, 5] Diketone 21 was treated with IBX in DMSO-H 2 O at 50˚C for 14 h [7] . The desired hydroxylated compound 24 was obtained in 91% yield ( Figure 4 ). The stereochemistry of the hydroxy group was determined after cyclization to the eight-membered carbocycle 25, which was prepared in 28% yield by treatment with Grubbs II reagent in CH 2 Cl 2 under reflux for 2 h. In contrast to compound 21, compound 23 gave hydroxylated compound 26 in 46% yield. Interestingly, the hydroxy group was -oriented, which was later determined by NOE of the cyclized compound. The stereochemistry of hydroxylation was presumably affected by the conformation of the carbonyl group between the cyclohexane and cyclopentane rings and was not due to the configuration of allylic substitution. Cyclization of compound 26 proceeded in 22% yield. Surprisingly, the product had a seven-membered carbocycle. The stereochemistry was determined by the NOESY spectrum. The NOE between H-6 and H-14 shows cis stereochemistry assigned to compound 25. The H-18 is -oriented, because the NOE between H-18 and OH was observed. The methyl group at C-15 exists on the -side of the ring, because Me-15 shows a NOE between OH and also with H-7. Therefore, the configuration of the hydroxy group should be  and the allyl group  in compound 24.
In the case of compound 27, the molecular formula was determined to be C 18 H 26 O 5 , one carbon less than compound 25. The olefinic proton H-16 resonated at  5.58 (br s), the pattern for which is different from those of 25, 28 and 29 as the olefinic proton. Although coupling between H-15 and H-18 was not observed, a NOE between H-15 and H-2 was observed. These observations, as well as careful examination of 2D spectra, indicate that the ring is contracted to seven-membered, as depicted in the formula. The NOEs between H-18 and H-6, 14 were observed, meant that H-18 is -oriented; however, Me-15 showed a NOE with H-7, and a NOE was also observed between H-7 and OH. Therefore, the ring junction of compound 27 should be trans at C-4 and C-18. In both cases, the MOM and secondary methyl groups are -oriented. We encountered the formation of a seven-membered carbocycle in previous reports [4, 5] . It seems that the formation of a sevenmembered carbocycle is predominant when the formation of an eight-membered carbocyle is difficult (slow). These results suggest that compounds with different configurations give different results due to their different conformations. Epoxides 20a and 22a (major single isomers) afforded eight-membered carbocycles 28 and 29, in 80% and 51% yield, respectively. These results are consistent with those of our previous report [4] . The structure of compound 28 was solved by X-ray crystallography. The configurations of compound 29 were determined by NOE ( Figure 6 ). It is very interesting to note that some of the signals of these molecules are very broad due to restricted rotations. For example, in the case of compound 27, the signals for C-6 and C-8 are extremely broad despite a seven-membered carbocycle. Compounds 25 and 28 had no such peak, while in compound 29, C-3, C-5, C-6, C-17, and C-25 were quite broad. It is not easy to predict which will show such a phenomenon.
Route a (introduction of a hydroxy group before cyclization) can now be performed, although the RCM reaction to an eightmembered ring is given in slightly low yield. We next attempted to open the epoxide ring and introduce a hydroxy group (route b).
When compound 28 was treated with 1 M HCl in THF (1:1) at rt, only the starting epoxide was recovered; therefore, the solution was kept at 50˚C overnight to afford compound 30. The molecular formula of compound 30 was determined to be C 17 H 25 O 3 Cl (HRMS) and X-ray analysis was carried out for the crystals obtained from n-hexane-EtOAc. As shown in Figure 7 , the chlorine atom was introduced at C-3 and the epoxide was opened to form another ether bridge between C-15. These results also show that the ring junction at C-6, 14, and 18 positions are correct, as discussed above. We further attempted to introduce a hydroxy group using epoxides 31 and 36, prepared previously [4] . Compound 31 was treated with acid (Table 1) ; however, the desired diol 32 was not formed. The products were tetraene 33, diol 34, and deprotected diol 35, in different amounts. Then, keto epoxide 36 was treated with sulfuric acid in THF: H 2 O (1:1) under reflux to afford diol 37 in 15% yield; however, the configuration of the hydroxy group at C-4 was not as desired. Finally, keto epoxide 36 was treated with SmI 2 in MeOH to yield alcohol 38 in 82% yield. Diketone 39 derived from 38 was subjected to oxidation using MoOPH [8] , Mn(OAc) 3 [9] , and O 2 /LHMDS [10] ; however, the reactions gave a complex mixture and no product corresponding to 40 was isolated.
In conclusion, route b does not give fruitful results, but route a is promising; however, compound 24 had a different configuration at C-6. We intend to prepare a precursor bearing similar configurations using compound 15. Cyclization to eight-membered carbocycles is still to be studied, because compounds 24 and 26 afforded 25 and 27 in 28% and 22% yield, respectively; however, compound 20a produced 28 in 80% yield and 22a gave 29 in 51% yield. These differences were presumably due to the conformation at the transition state. Various calculations have been reported to explain these results [5] . Compounds 24 and 26 have a hydroxy group and may have a hydrogen bond to control efficiency in cyclization reactions.
Experimental
General: All reactions were carried out under an argon atmosphere. Anhydrous solvents were purchased from Kanto Chemical Co., Inc. Reagents were purchased at the highest commercial quality and used without further purification. The IR spectra were measured on a JASCO FT/IR 500 spectrophotometer. Mass spectra, including high-resolution spectra, were recorded on a JEOL JMS-700 MStation.
1 H and 13 C NMR spectra were measured on Varian Unity 600 (600 MHz and 150 MHz, respectively), Varian 500 (500 MHz and 125 MHz, respectively), and Varian 300 (300 MHz and 75 MHz, respectively) spectrometers. Silica gel 60 (70-230 mesh; Fuji Silysia) was used for column chromatography (CC). Silica gel BW-300 (200-400 mesh; Fuji Silysia) was used for CC, and silica-gel 60F 254 plates (0.25mm; Merck) for TLC.
General procedure for RCM reaction:
A solution of a substrate in CH 2 Cl 2 was treated with Grubbs II reagent (3-5 mol%) and the mixture was stirred either at rt or under reflux for a certain time or overnight. The mixture was purified directly by silica gel CC to afford products. (2H, m), 1.98 (3H, s), 1.98 (1H, m), 1.88 (1H, m), 1.20 (1H, m) 
